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Abstract 
Mg-Al-LDH is a chemical compound produced through co-precipitation technique and modified with 
Cu(NO3)2.6H2O to form Mg-Al/Cu. However, the research on the capability of these compounds for adsorbing mix-
tures of cationic dyes as well as malachite green (MG), methylene blue (MB), and Rodhamine-B (Rh-B) has not 
been carried out. Therefore, this research aims to determine the performance of Mg-Al-LDH and Mg-Al/Cu for re-
moving cationic dyes. The materials used were characterized by using XRD powder, FT-IR, and N2 adsorption de-
sorption. The Adsorption process was conducted by batch system and several effects were investigated, such as ki-
netic parameter, isotherm, and the temperature condition. The stability feature of Mg-Al-LDH and Mg-Al/Cu was 
obtained from the regeneration process in the five cycles. The results presented that Mg-Al/Cu was effectively pro-
duced, which was indicated by the formation of layer at 10.792° (003), 22.94° (006), 35.53° (112), 55.78° (110), and  
56.59° (116). Mg-Al-LDH and Mg-Al/Cu were found to adsorbed MG than the other cationic dyes with adsorption 
capacity of 68.996 mg/g and 104.167 mg/g, respectively. The unique properties of Mg-Al/Cu includes, structural 
stability towards the reuse of adsorbent subsequently for five times, without significant decrease of adsorption ca-
pacity. 
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Research Article 
1. Introduction 
In recent years, dyes are widely utilized for 
coloring agent in diverse industries, as well as 
in plastics, rubber, paper, and electroplating 
manufactory [1–3]. They are also used as addi-
tives in food, cosmetics, petroleum products and 
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pharmaceuticals [4,5]. The dyes wastewater en-
danger the ecosystem  of water, because they 
are difficult to degrade, therefore, decreasing 
light penetration which further reduces the pho-
tosynthetic process of aquatic system [6]. Most 
dyes are intrinsically toxic and carcinogenic [7]. 
Therefore, the handling of their disposal has 
turned out to be a serious issue and need effec-
tive treatment [8,9]. Many methods have been 
researched to remove dyes from aqueous 
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solution, such as: oxidation [10], membrane 
separation [11], photodegradation [12], 
biological process [13], and adsorption [14]. 
Among all the methods, adsorption is the most 
effective for removing dyes, because of its easy 
operation, swift process, and high efficiency 
[15,16]. Layered double hydroxides (LDHs), 
generally known as hydrotalcite-like is an inor-
ganic anion-exchangeable adsorbent, used for 
adsorbing toxic materials from polluted water 
[17,18].  
Research showed that the use of LDH as an 
adsorbent removes dyes effectively. Shan et al. 
[19] used Mg-Al LDH to remove red dyes with 
maximum adsorption capacity of 37.16 mg/g for 
Congo Red and 59.49 mg/g for Reactive Red 
with optimal adsorbent dosage of 1.0 g and 
contact time of 60 min. Ouassif et al. [20] ap-
plied ZnAl LDH for tartrazine dye with adsorp-
tion capacity of 99.5 mg/g at pH 5.8 after 60 
mins. Ali et al. [21] used Ni-Al to remove congo 
red from aqueous solutions with maximum ad-
sorption capacity of 80.94 mg/g. Grover et al. 
[22] fabricated Zn-Al LDH for brilliant green 
removal with maximum adsorption capacity of 
87.0 mg/g at 15 to 35 °C. Based on these re-
ports, it was observed that the dyes adsorption 
capacity is still limited, therefore, the modifica-
tion of LDH need to be conducted widely.  
Recently, the LDH modification open a new 
window research for faster and high rates of re-
moving dyes. In this study, Mg-Al LDH was 
chosen as the precursor material and was mod-
ified with Cu(NO3)2.6H2O, in order to enhance 
the cationic adsorption capacity. MG, MB, and 
Rh-B are synthetic cationic dyes which are 
undegradable by microbial in aquatic system, 
therefore, their removal in these dye are vital. 
In this research, Copper (Cu) was used as a 
supporting materials due to its enormous 
versatility, allowing the expansion of 
multifunctional materials with some 
applications, such as: in adsorption, 
antimicrobial compounds, catalyst, and energy 
storage [23]. However, the stability of LDH also 
increased after modification toward reusability 
adsorbent. The adsorption was conducted by 
batch system and investigated through the 
effect of contact time, isotherm fit parameter, 
and regeneration studies. The structure of MG, 
MB and Rh-B were shown in Figure 1. 
 
2. Materials and Methods 
2.1 Chemical and Characterization 
Mg ( N O 3 ) 2 ∙ 6 H 2 O  ( 4 0 0 . 1 5  g / mo l ) , 
Al(NO3 ).9H 2O (375.13 g/mol) , and 
Cu(NO3)2.6H2O (290.79  g/mol) were obtained 
from Sigma-Aldrich. The samples were tested 
by using X-ray diffraction performed with a 
Rigaku Miniflex-6000 diffractometer. The sur-
face area where the materials were obtained 
was measured with a Quantachrome adsorp-
tion–desorption. The FTIR spectrum was de-
termined using a Shimadzu Prestige-21 spec-
trophotometer and the dyes concentration were 
recorded by using UV-Visible spectrophotome-
ter Biobase BK 1800 at 554 nm for Rh-B, 617 
for MG, and 664 for MB. 
 
2.2 Synthesis of Mg-Al-LDH and Mg-Al/Cu 
Mg-Al-LDH was produced through co-
precipitation method following the procedure 
in previous research [24]. To obtained Mg/Al-
Cu, a mixture of Mg(NO3)2.6H2O with 
Al(NO3).9H2O in the proportion 3:1 of Mg2+ and 
Al3+, and 25 mL Cu(NO3)2.6H2O (0.75 M) were 
added. The preparation was mixed under vigor-
ous stirring at pH 10. The resulting suspension 
was heated for 24 h at 80° and dried in oven for 
6 h at 250 °C. 
 
2.3 Selectivity of Dyes Mixture 
The selectivity was conducted on the adsor-
bents. As much as 2 mg with 20 mL of dyes 
(MG, MB, Rh-B) were stirred for several 
minutes and the contact times was investigat-
ed from 10 to 150 min. The dye concentrations 
were  recorded  by  using  UV -Vis 
spectrophotometer. 
Figure 1. Structure of MG, MB and Rh-B. 
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2.4 Adsorption Process 
After obtaining the most adsorbed dye in the 
selectivity, the process continued with adsorp-
tion by varying the time, concentration, and 
temperature. The adsorption was conducted for 
10–200 min, and the concentration was tested 
at range of 20–100 ppm and temperature of 
303–333 K. The concentration of dye in the 
filtrate after adsorption was analyzed by using 
UV-Vis spectrophotometer. 
 
2.4 Regeneration Experiment 
As much as 5 g adsorbent were add with 50 
mL MG in glass bottle and stirred for 120 min, 
then dried for 2 h. Then 0.01 g of the residue 
was added with water and HCl, and stirred for 
120 min. This process was repeated in five cy-
cles. 
 
3. Results and Discussion 
3.1 Materials and Characterization 
The phase structures of the adsorbents were 
determined from X-ray diffraction pattern and 
shown in Figure 2. The peak of diffraction on 
Mg-Al-LDH was indicated at 11.47 ° (003), 
22.86° (006), 34.69° (112), 60.33° (110), and 
61.62° (116) (JCPDS no. 70-215). Meanwhile, 
Mg-Al/Cu pattern showed peak at 10.792° 
(003), 22.94° (006), 35.53° (112), 55.78° (110) 
and 56.59° (116). Cu oxides at Figure 2b ap-
peared at 29.51 Å and 32 Å with high diffrac-
tion peaks. The presence of (003), (006), (112), 
(110) and (116) planes indicated that the mate-
rials were successfully fabricated. 
Figure 3 depicts the nitrogen desorption of 
Mg-Al-LDH and Mg-Al/Cu. Obviously, the two 
samples presented type IV isotherms, which 
was classified as H3 hysteresis loop. The mate-
rial sizes were indicated in the mesoporous na-
ture. The surface area of Mg-Al-LDH after 
modification was slightly increased from 
21.511 m2/g to 23.139 m2/g, and was shown in 
Table 1. Furthermore, diameter pore of Mg-
Al/Cu was smaller than the pristine. It was as-
sumed that there were more active sites 
formed in the modification process. 
The spectra obtained in the IR of Mg-Al-
LDH in Figure 4 at 3430 cm−1, indicated in-
tense and broad band, which was attributed to 
stretching vibrations of OH groups of water 
molecules and the layer. The stretching 
vibration was board because it was associated 
with vibration of hydroxyl group in water mole-
cule at 1635 cm−1.  The peak at 1381 cm−1 was 
a consequence of the nitrate ion used as a 
starting material. The vibration of metal-
oxygen was observed at 883.25, 671.23, 447.49 
and 354.9 cm−1. As shown in FT-IR spectrum of 
Mg-Al/Cu, the stretching vibration at 447.49 
cm−1 was ascribed to the  bond of Cu−O, which 
Figure 2. XRD patterns of Mg-Al-LDH (a) and 
Mg-Al/Cu (b). 
Figure 3. Adsorption and desorption of nitro-
gen Mg-Al-LDH (a) and Mg-Al/Cu (b). 
Adsorbents Surface Area (m2/g) Volume Pore (BJH) (cc/MB) d-Pore (BJH) (nm) 
Mg-Al-LDH 21.511 3.200 6.564 
Mg-Al /Cu 23.139 0.067 3.172 
Table 1. Morphology analysis of LDHs using BET and BJH method. 
 
Bulletin of Chemical Reaction Engineering & Catalysis, 16 (4), 2021, 699 
Copyright © 2021, ISSN 1978-2993 
confirmed the presence of Mg-Al/Cu. The in-
creasing of the band intensity at 700–500 cm−1, 
was due to the presence of Cu oxides on the 
surface of LDH. 
The capability of the obtained material as 
selective adsorbents in a mixture of cationic 
dyes (MG, MB, and Rh-B), with varied pH were 
shown in Figure 5. Comparing with MB and 
Rh-B, Mg-Al/Cu removed MG at contact time 
range of 10–30 min, and attained an equilibri-
um at 60–150 min. This is because the size of 
MG is smaller than MB and Rh-B. Therefore, 
Mg-Al/Cu showed good adsorption performance 
and selectivity for removing MG. The dyes con-
centrations in adsorption selectivity of MG, 
MB, and Rh-B using Mg-Al/Cu adsorbent was 
shown on Table 2. The data showed that Mg-
Al/Cu was selective on MG, compared to MB 
and Rh-B with optimum condition without 
adjustment of pH. MG concentration decreased 
from 10 mg/L to 5.633 mg/L in 150 minutes. 
However, at acidic condition (pH 3) and alka-
line (pH 9), the concentration of MG decreased 
from 10 mg/L to 7.132 and 5.840 mg/L, respec-
tively. In previous research, Xu et al. [25] re-
ported that pH has an important role in  ad-
sorption selectivity. In acidic pH, the dye mole-
cule was protonated and at alkaline it was 
deprotonated. In previous research of using Zn-
Al LDH as an adsorbent, methyl orange was 
deprotonated at high pH values [26]. In acidic 
condition, H+ ion was increased due to decrease 
in the active adsorption spots on the surface of 
C-Zn-Al LDH [27]. 
 
3.2 MG Adsorption onto Mg-Al-LDH and Mg-
Al/Cu. 
The Adsorption of MG on Mg-Al-LDH and 
Mg-Al/Cu were investigated by kinetic parame-
ter and adsorption isotherms. In this research, 
the contact time varied from 10–200 min, 
which was presented by Pseudo First Order 
Figure 5. Adsorption selectivity in a mixture of cationic on Mg-Al/Cu, without adjustment of pH (a), pH 
3(b), and pH 9 (c). 
times 
(minutes) 
pH Co (mg/L) 
Ce (mg/L) 
MB MG Rh-B 
150 
without  adjustment pH 
10 
8.868 5.633 9.237 
3 8.682 7.132 8.778 
9 9.198 5.840 9.300 
Table 2. Dyes concentrations in adsorption selectivity using Mg-Al/Cu adsorbent. 
Figure 4. IR Spectra of Mg-Al-LDH (a) and Mg-
Al/Cu (b). 
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(PFO) (Equation (1)) and Pseudo Second Order 
(PSO) (Equation (2)), and the equations were 







qe is dye adsorbed capacity (mg/g), and k is rate 
constant of PFO and PSO. The influence of con-
tact time was shown in Figure 6, and the result 
were summarized in Table 3. The adsorption 
process was increasing rapidly from the initial 
process, and finally the equilibrium was 
reached after 120 min. The data showed that 
MG adsorption followed PSO model because 
the qe values and R2 from PSO were higher 
than the PFO. As reported by Zhou et al. [28], 
the adsorption followed PSO than PFO, which 
indicated that the diffusion of intraparticle was 
the rate limiting step.  
Figure 7 showed the effect of concentration 
and temperature variation on MG adsorption. 
The temperature of MG adsorption was con-
ducted from 303–333 K, with initial 
concentration of MG at 50–100 mg/L. The MG 
adsorption was increased sharply from 60 mg/L 
to 70 mg/L at all temperature, and tend to be 
stable from 80 mg/L to 100 mg/L after 120 min 
adsorption. The equations of Langmuir 
(Equation (3)) and Freundlich (Equation (4)) 







where qmax and KL are Langmuir constant, KF 
and n are Freundlich constant, with n giving 
an indication of favorable adsorption process 
and verifying the type of adsorption process. 
The MG Adsorption was favorable at high 
temperature, which was summarized in Table Figure 6. Contact Time variation of MG 




PFO   PSO 
QeCalc 
(mg/g) 




Mg-Al-LDH 59.938 77.678 0.982 0.031   67.568 0.989 0.0003 
Mg-Al/Cu 98.120 77.535 0.974 0.028   106.383 0.998 0.0006 
Table 3. PSO and PFO parameters of MG adsorption onto Mg-Al-LDH (a) and Mg-Al/Cu (b). 
Figure 7. Isotherm fit parameter on MG adsorption into (a) Mg-Al-LDH (b) Mg-Al/Cu. 



















q q q K
= +
1




Bulletin of Chemical Reaction Engineering & Catalysis, 16 (4), 2021, 701 
Copyright © 2021, ISSN 1978-2993 
4 and 5, in order to obtain isotherm and ther-
modynamic parameters. 
These data showed that the adsorption of 
MG on Mg-Al-LDH and Mg-Al/Cu were fitted 
into Langmuir isotherm model than the 
Freundlich. The R2 value for both adsorbents 
was closer to the Langmuir than Freundlich 
model. Based on the Langmuir model, the ad-
sorption form a monolayer of dye molecules, be-
cause when dyes were adsorbed, the site be-
comes saturated and unavailable for other mol-
ecules [29]. The adsorption capacity of Mg-
Al/Cu is higher than the precursor. According 
to Maziarz et al. [30],  the phenomena due to 
the adsorption of the undissolved metal oxide 
and the mechanism of MG removal, was effect-
ed by anion exchange in the interlayer space. It 
was also affected by the amount of surface ar-
ea, where Mg/Al-Cu has bigger surface area 
than Mg/Al The thermodynamic parameter, 
such as enthalpy (ΔH), entropy (ΔS), and Gibbs 
energy (ΔG) were calculated using this equa-







The thermodynamic data as shown in Table 
5 was also correlated with the adsorption ener-
gy, which was dominated by physical adsorp-
tion. The adsorption energy for Mg-Al LDH 
(15.993 kJ/mol) and Mg-Al/Cu (26.715 kJ/mol) 
were in the range of physical adsorption pro-
cess and the differences of IR and XRD charac-
terization before and after adsorption process 
at Figure 8 and Figure 9 indicated of chemi-
sorption processes. The adsorption of MG using 
Mg/Al-Cu involves both physisorption and 
chemisorption processes. As the previous re-







303 313 323 333 
Mg-Al Langmuir Qmax 55.556 65.359 67.114 68.966 
    KL 0.066 0.028 0.230 0.115 
    R2 0.8214 0.9523 0.9318 0.9201 
  Freundlich N 1.027 0.682 0.692 0.737 
    Kf 3.087 1.615 1.670 1.779 
    R2 0.7225 0.412 0.3563 0.4021 
Mg-Al/Cu Langmuir Qmax 86.027 99.010 103.093 104.167 
    KL 0.073 0.094 0.096 0.038 
    R2 0.9669 0.9702 0.9591 0.9104 
  Freundlich N 0.8273 0.761 0.753 0.760 
    Kf 2.4038 2.390 2.408 2.473 
    R2 0.8468 0.9055 0.9133 0.8659 
Table 4. Langmuir and Freundlich models of MG adsorption into Mg-Al-LDH and Mg-Al/Cu. 





313 60.847 −1.759 
323 65.008 −2.327 







313 75.821 −4.299 
323 79.119 −5.290 
333 82.262 −6.281 







G H T S  =  − 
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moval onto SF-B-CoNiAl composite was physi-
cal adsorption and chemisorption processes, the 
physisorption was observed form the amount of 
ΔH (2–40 kJ/mol) and chemisorption was indi-
cated from the kinetic data which followed by 
pseudo-second order (R2>0.99). According to 
Chebli et al. [33] the enthalpy values (14.49 
kJ/mol) of Biebrich Scarlet (BS) adsorption as-
cribed that the interaction type is a physical 
adsorption and the BS adsorption was also fol-
lowed by chemical adsorption due to the the 
dye interaction in the interlayer space of the 
LDHs which shown from the FTIR characteri-
zation.  
The positive value ∆H reflected that the MG 
adsorption was endothermic. Moreover, the 
negative amount of ΔG denoted that MG ad-
sorption was running spontaneous. The endo-
thermic process with negative amount of ΔG in-
dicated that the adsorption was running spon-
taneous at higher temperatures [34]. The same 
phenomena also occurred by other research, by 
using Zn/Al LDH removing MG with ∆H= 
14.503 kJ/mol indicated endothermic process 
and ΔG= −13.513 kJ/mol denoted the adsorp-
tion was running spontaneous [35]. According 
to Palapa et al. [36], ΔH and ΔG with the liquid 
phase were affected by various conditions such 
as concentration, temperature,  and interaction 
between solid and liquid interfaces. Table 6 
showed the comparison of the other adsorbents 
on MG adsorption. 
The IR spectra of Mg-Al/Cu adsorbent after 
the adsorbed MG was showed on Figure 8. The 
strong bond of hydroxyl group of water was de-
tected at 3441 cm−1 before and 3444 cm−1 after 
MG adsorption. The peak at 1381 cm−1 before 
adsorption process was due to the presence of 
nitrate ion and was detected at 1361 cm−1 after 
adsorption. The vibration of metal-oxygen was 
Figure 8. IR Spectra of Mg-Al/Cu before (a) and 
after (b) MG adsorption. 
Figure 9. XRD of Mg-Al/Cu before (a) and after 
(b) MG adsorption. 
Adsorbent Adsorption Capacity (mg/g) References 
Trichoderma Biomass 81.82 [37] 
Cortaderia selloana 56.50 [38] 
MWCNT-COOH 11.73 [39] 
Date pits 64.7 [40] 
Thiolated Graphene Oxide 40.5 [41] 
ZnO-NR-AC 20 [42] 
Luffa aegayptica peel 70.21 [43] 
Ni/Fe LDH 6.93 [44] 
Co/Fe LDH 44.73 [45] 
Zn/Al LDH 60.7 [46] 
Mg/Al LDH 68.996 This Study 
Mg-Al/Cu 104.167 This Study 
Table 6. Comparison of MG adsorption capacity with other adsorbents. 
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observed at 883.25, 671.23, 447.49 and 354.9 
cm−1 before adsorption. And also at 748, 647, 
551 and 590 cm−1 after adsorption.  
The XRD of Mg-Al/Cu before and after ad-
sorption was showed in Figure 9. There was 
visible differences in the diffraction pattern of 
Mg-Al/Cu before and after MG adsorption. The 
XRD pattern of Mg-Al/Cu before adsorption 
showed peak at 10.79° (003), 22.94° (006), 
35.53° (112), 55.78° (110), and 56.59° (116). Af-
ter adsorption, the presence of the diffraction 
peaks appeared at 12.78°, 24.52°, 38.21°, 
66.36°, and 68.30°, which corresponded to the 
(003), (006), (112), (110), and (116) planes. Mg-
Al/Cu characterization for IR and XRD after 
adsorption showed differences, compared to be-
fore the process, which indicated the reaction 
between adsorbate and adsorbent. As reported 
in previous research, Mg-Al LDH successfully 
removed methyl orange, because of the hydro-
gen bonding that formed and the electrostatic 
interaction between the reacting entities [47] 
The regeneration process was conducted to 
determine the stability structure of the adsor-
bents. The regeneration of MG on Mg-Al-LDH 
and Mg-Al/Cu were shown in Figure 10. At the 
1st, 2nd, 3rd, 4th, and 5th cycle, the MG adsorption 
of Mg-Al LDH was observed at 66.07%, 63.02%, 
37.66%, 21.47%, and 7.46%, respectively. 
Meanwhile, for Mg-Al/Cu, the adsorption of MG 
reached 82.55%, 76.26%, 64.92%, 54.51%, and 
47.28%, at 1st, 2nd, 3rd, 4th, and 5th cycle, respec-
tively. The data showed that MG adsorption 
process of Mg-Al/Cu was more stable than the 
pristine compound,  after the five cycles. This 
was because the Mg-Al/Cu surface area and in-
terlayer space was higher than that of Mg-Al 
LDH. Therefore, the structure of Mg-Al/Cu was 
stable and the adsorption capacity did not 




In conclusion, Mg-Al/Cu was successfully 
synthesized with well-known layer structure as 
represented in the XRD, IR and BET charac-
terization. The adsorption of MG on both ad-
sorbents followed PSO kinetic model. The 
energy of 15.993 kJ/mol for Mg-Al LDH and 
26.715 kJ/mol for Mg-Al/Cu was indicated in 
the physical adsorption process. After five cy-
cles adsorption process, Mg-Al/Cu was found to 
be more stable than Mg-Al/LDH. 
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